The southern highlands zone of Tanzania is the one of the most potential area for agriculture contributes up to 46% of the total country's maize production. However, the rate of maize production tends to decrease with time due of poor agronomic practices. The aim of this study was to simulate the effect of nitrogen dose and plant spacing on grain yields from five selected maize varieties. Decision Support System for Agrotechnology transfer crop model was used for this purpose. Based on the agroecological zones, six sites were selected which includes Ihumbu farm, Mwazye and Nyera Estate Mbozi, Lupa Tinga Tinga, Santilya and Mbinga. Maize varieties H614, Kitumani Composite I, H511, H626 and H612; Spacing (90 × 30 cm and 60 × 30 cm) and nitrogen dose (0, 50, 100, 150 and 200 kg/ha) were simulated. It was found that only H614 (4610.9 kg/ha) and Kitumani Composite I (3998.7 kg/ha) maize varieties performed well at the spacing of 60 × 30 cm and up to the nitrogen dose of 150 kg/ha. Therefore the two maize varieties H614 and Kitumani Composite I could be recommended for cultivation at the spacing of 60 × 30 cm and nitrogen dose of 150 kg/ha for improving production of maize in southern highland of Tanzania.
Introduction
The economy of Tanzania is highly dependent on agriculture which provides the source of livelihood for over 80% of the population. The agricultural sector constitutes nearly 24% of the value of the national income (GDP) [1] . To a large extent the sector is characterized by traditional production systems which rely on indigenous varieties whose overall productivity is generally low.
The southern highlands zone of Tanzania contributes about 46% of national maize production and it accounts for nearly 90% of the maize purchased for the National Food Security Granary [2] . This zone comprises of four regions viz.
Iringa, Mbeya, Rukwa, and Ruvuma. Over 80% of the maize produced in this region is grown by smallholders under a wide range of agronomic practices, climatic conditions, and socioeconomic conditions. Beside the contribution of the zone to the country maize production, still there is a large gap between national average yield (1.4 t/ha) and potential yields (7.0 t/ha) [3] . Among the agronomic factors responsible for low yield of the region which are plant population in the field, application of inappropriate amount of inorganic fertilizers and use of low yielding varieties/cultivars are of prime importance [4] . Crop row spacing is another important agronomic management strategy used by farmers to optimize the husbandry of the soil and plant ecosystem from sowing to harvest with the goal of increasing the production of crops [5] . Row spacing has a special significance since it is ultimately related with plant population, root development, plant growth and fruiting [6] . Maize is well known for its high demand of nutrients. In addition to other agronomic practices, fertilization may be the most important way to maintain high crop productivity and soil fertility [7] . The fact that nitrogen has a good effect on plant productivity is universally accepted.
Nevertheless, it also has a pollutant effect on the environment when dissolved and leach down to ground water/aquifer zones when applied irrationally. When nitrogen is rapidly leached down to ground water, they affect human and animal health [8] . Therefore, judicious use of mineral nitrogen fertilizer should be promoted on improvement maize productivity [9] , without reduction in yields and much adverse impact on environment (soil and ground water quality). The development of appropriate management practices can be achieved by employing crop models like DSSAT in simulation studies.
The decision support system for agro technology transfer (DSSAT) crop model has been used for different applications in various countries around the world.
It was originally developed by an international network of scientists, cooperating in the International Benchmark Sites Network for Agrotechnology Transfer project [10] , to facilitate the application of crop system models such as Crop Environment Resource Synthesis (CERES) maize model in a systems approach to agronomic research. Its initial development was motivated by a need to integrate knowledge about soil, climate, crops, and management for making better decisions about transferring production technology from one location to others where soils and climate differed [11] . The DSSAT helps decision-makers by reducing the time and human resources required for analyzing complex alternative decisions [12] . It also provides a framework for scientific cooperation through 
Materials and Methods

Description of the Study Area
The southern highlands zone found on the latitude of 7˚ and 11.5˚S and longitudes of 30˚ and 38˚E ( Figure 1 ). The zone occupies an area of 250,000 km 2 which is about 28% of the mainland area of Tanzania. The elevation from the sea level ranges from 400 and 3000 m. The region experience semi-arid condition in some parts of Iringa region to high rainfall in highland areas (more than 2500 mm of rain per year) with cool temperatures. The rainfall pattern is unimodal with a long rainy season (700 mm to over 2600 mm) from November to May with a dry and cool spell between June and September [13] . The soil has low fertility, highly weathered and frequently acidic. Normally, maize is planted between the ends of November and early of December and harvested between April and July, depending on the weather and the variety grown [14] . For the purposes of the study six (6) 
Model Input Data
DSSAT crop simulation models in generally predict crop yield as a function of The crop management data were obtained from the survey report, documented by [14] . These data includes crop cultivar, planting date, seedling rate (plant/hill), plant spacing (cm), row spacing (cm), and planting depth (cm).
Others include fertilizer application (dates, amounts, type of material, and method of application), tillage/intercultural operations (dates, depth equipment used), organic fertilizer amendments (date, amount, type and method of application). The collected soil and weather data were for running the model were compiled and presented as shown in Table 1 and Figure 2 respectively.
Simulation Processing
The CERES-Maize model incorporated in DSSAT v4.5 was used for simulation. The harvesting date is simulated for the crop when 50% of the plants reach harvest maturity (GS006).
Results and Discussion
The results of DSSAT simulated yield of maize obtained for six sites (Ihumbu Table 2 and discussed in the forthcoming paragraphs.
Response of Maize Varieties to Nitrogen with Respect to
Grain Yield [16] explains that, an increase in grain yield of maize after application of Nitrogen is due to an increase in the number of ears per plant, increase in total dry matter distributed to the grain and increase in average ear weight. These plant characteristics tend to vary from one variety to another. The results from Table   2 show that, grain yield of all varieties tend to increase with the increasing rate of nitrogen, where by H614 variety followed by Kitumani composite I (KC I) respond faster than the other varieties (H612, H511 and H626). The overall mean grain yield in bracket of all varieties at spacing one (Sp 1) was H614 (4610.9 kg/ha), Kitumani Composite I (3998.7 kg/ha), H612 (2835.7 kg/ha), H511
(2231.6 kg/ha), and H626 (1673.3 kg/ha). The results are in agreement with [17] who found out positive response of different maize varieties on supply of nitrogen in increasing grain yield.
Suitability of Maize Variety to Different Location
Grain yield is the results of genetic potential and environmental interaction.
From the results (Table 2) , grain yield differ from one location to another at a given maize variety. An example of maize cultivar H614 at spacing one (S1) and 0 kg N/ha, maximum yield was observed at Santilya (2684 kg/ha) and the minimum grain yield of 395 kg/ha at Mbinga. The results are supported by [18] who report that maize varieties significantly differed in yield at different locations.
[19] also reports the same on response to maize variety to different environmental condition. Overall results show that highest yield was obtained from H614 (4610.9 kg/ha) followed by Kitumani Composite I (3998.7 kg/ha), H612
(2835.7 kg/ha), H511 (2231.6 kg/ha) and H626 (1673.3 kg/ha) at spacing one (S1) and H614 (4724.5 kg/ha) followed by Kitumani Composite I (3465.3 kg/ha), H612
(2288.7 kg/ha), H511 (2151.6 kg/ha) and H626 (1626.9 kg/ha) at spacing 2 (S2).
Effect of Plant Spacing on Grain Yield
The effects of plant spacing on grain yield are also shown on Table 2 . [20] has documented that, yield and yield component of corn are significantly affected by planting patterns, plant densities and maize hybrids. Corn hybrids respond differently to high plant density [21] . Plant density is a function of plant spacing on the field, the larger spacing results into low plant density per unit area. The overall results shows that the mean grain yield of all varieties was 3428.0 kg/ha in spacing one (S1) and 3169.2 kg/ha at spacing two (S2 Kitumani composite I at 150 kg N/ha in Santilya, grain yield increase from 6366 kg/ha at Spacing two (S2) to 7642 kg/ha at spacing one (S1). The results are in accordance with [22] who reported that grain yield increase linearly with increasing plant density provided that there is no limitation of other production factors. [23] reports that grain yield increases until plant densities reach the optimum plant population per unit area.
Effect of Nitrogen on Grain yields
The optimum N rate (needed to achieve maximum yield) is influenced by factors including soil type, tillage, irrigation, fertilizer timing and method, and crop yield potential. These factors, as well as the interaction of these factors, will vary greatly from one location to another in a given geographic region [24] . The effects of different rates of nitrogen on grain yield of different maize varieties are shown on Table 2 . Generally the increasing of the rate of nitrogen application has positive effect on the grain yield of maize in all sites. The grain yield increases until reach the maximum and no further increase in addition of nitrogen.
This may be attributed to the significant effect of nitrogen on chlorophyll formation, photosynthesis and assimilate production that resulted in optimum production of yield components which have direct bearing on the final grain yield. This is supported by [25] tively. This is supported by [26] who reported that the grain yield level off when the supply of nitrogen is beyond the optimum requirement. 
